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SUMMARY

Langley _Dr_sentativea reviewed the C_ntpr'_: research ....

hypersonic propu]_on with emphasis on materlals =spect_,.

They covnr_d the Hypersonic Research Engine in _et_il. _he
Panel b_<an a study that will be contlnue_ before, and at,

the next meeting, designed to identify future materials

requirements of hypersonic engines.

The Panel discussed Non-Destructive Testing (NDT) and L]fle

Prediction methods for aircraft engines and arrlv_d _t a list

of tentative research suggestions.

A Subpanc! on supera!loys submitted a ll_t of research recom-

mendations, which was modlfi_d by the Panel.

Future ne_ds for facl]_:_es for engine materi_]_ research

wer_ di;_cussed, and three wer_ found that warrant more

detat!ed study viz. (l) an _nstne facility for ma!:erl,9]?.
testing, (9) an NDm facl]ity and (3) a facility for casting
re search.
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MINUT_:S OF NINTH MEETING

OF THE

NASA R_]SEARCH AND TEC'_bOLOGY ADVISORY PANEL

ON

MATERIALS FOR AIRCRAFT ENGINES

NASA Langley Research Center

April 23-25, 1969

The ninth meeting of the NASA Research and Technology Advisory
Panel on Materials for Aircraft Engines convened at 9:00 a.m.
EST on April 23, 1969.

Present:

Dr. Robert I. Jaffee, Chairman

Mr. Walter _. BinT, ,Yr.

Mr. Elihu F. Bradley
Dr. Harris M. Burt_

Mr. William R. Freeman, Jr.
Mr. Dean Hanink

Mr. Louis P. Jahnke

Mr. John V. Long
Mr. Ward Minkler

Prof. Robert A. Rapp

Mr. Winston H. Sharp
Mr. John White

Mr. A!bFrt ;<. Ang]in, Jr.
Mr. G. Mervin Ault

Mr. Michael B. Comb_riate

Mr. James J. Gang]er
Mr. Richard Pride

Mr. Richard H. Raring

Secretary

Absent :

Dr. k. C. Burke

Mr; Philip Goodwin

Prof. Ray W. Guard

Mr. Francis B. Howard
Mr. Ira Petker

NASA Staff:

Mr. I. K. !oftin, Jr. Assistant

Director, Lanw:_v Research Center

Mr. Earl H. Andrews, Jr.

Mr. Tom F. Bonnet, Jr.
Mr. L. Robert Jackson

Mr. N_ale H. K_llv

Mr. Ernest A. Mack]ey
Mr. Eldon Mathauser

Mr. Mark R. Nicko]_

Mr. Bland A. Stein CRKa_iN_i.LpAKW-_ !S
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Mr. e_or<r_ Seely, WPAF_
Mr. Thorns: WII!i_, WPAFB

Mr. _hest<r _ur]on<, AEDC

Mr. W, C. Beecr_ft, WPAFB

Mr_ irving Machlin, NASC

The Chairman stafo_ *:hat Mr. Francis Howard had r_slgned his

_AA _osit]on in Wa;_,h[n_,ton %<) join the Navy_ Office at Palm

Beach; F_ has no_ Vet named a r'ep]acement on the Pan(_!. Th_
Chair.man introduced Mr. ]rvinF; Math!in who attended the

me_tin_< in place of Mr. Philip Gooflwln.

i



SECRETARY'S REPORT

• he _ecr_tary reported that the NASA Research and Technology

Advisory Committee on Basic Research, which is the senior

a_v!zory croup to which the PaneZ and four other of NASA's

research advisory bodies formally transmit recommendations

for _ndorsem_nt and conrdinatlon, had made three requests

of its subgroups at itc last meeting, April [6-17, 1969.

!. q_nce the B_s!c Research Committee meets but once

a year, and always !n _te April or early May, it is obviously

expeditious for th_ subgr;)ups to schedule their last meeting

of t_}e fiscal year shortly before the Committee's annual
meetln_..

9. The Committee noted thal _in adequate review and

discussi_n of the volumnious output of minutes and reports

of its five subgroups is often difficult or impossible at its

once-a-y_ar meeting. Conseauently, the Committee suggested

that the subgroups p_riodically prepare positlon-papers, or

concise versions of their recommendations and justlflcatlons,

as an adjunct to their minutes and reports.

3. Noting that the identification of r_search facilities th_

will b_ n_eded in th_ future, especially those of hlgh _ost

and lon_; [ead,-times, is an important function of the subgroups

and on that they have tended to slight, the Research Committee

asked that increased attention be given to that matter.

INTRODUCT] 0NS

Mr. John H_nry, Cb_f of Langley's Hypersonic Propulsion
Branch, 'w_lcomed members of the Panel an_ of the Subcommitf_r

on Airbr_athlng PreDu_s_on , who were met in Joint session +o

reeelve pr_sentat]on_ by I,ang]ey repres_ntat!ves on propu]-
slon systems for hypersonic fl1_ht and presentatlons by Air

Forc_ representatives on aeronautic technology and facilllies

of foreign countries.

Mr. ;!_n_v tntroducad Mr. L. K. I,_ftin, ,Ir., Assistant Dir_cfor
of _h_ l,ar,,"il_v Resaa.reh Center, who brlafly described the
Center's r, search on aeronautics. At present, _ of' LanK.ley's

manDr>wer '_3 app]iod _o aeronautics, compared with ?hg three

:;ear:_ ago. However', _he absoluto increase in a_ronautical

r_sr, arch Is l_ss than th_s_ numbers suggest because the Center%
manpower :._i!LnK _s lower than it'was two vear._ ago. By July

ORK_iNIAL PAt'gE 15
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]O_,9, total employees m.ust be down to 5,849, compared with

II,300 two years ago. ,Mr. Loftln said that of th@ two chief"
constraints llmitin_ aeronautical research--i._., p_rsonnel

ceiling and the total funds--the ceiling is the limiting on_.

s

T,ant_ley'_ aeronautical research breaks down approximately as
follows: supersonic 3h{; hyper_onic 24_; VS_OL 18%. There

is arbitrariness in th_s breakdown because some work is

enpl]cable to more than one of the categori.es.

PRESENTATIONS ON HYPERSONIC PR()PUI,SION

Mr. Earl Andrews o_' i,an_],,v'_q Hypersonic Propulsion P.ranch

snnk_ on }-6-_onvlronment and concepts of hypersonic airolanes.

CoDi_s cf his unclassified slides are attenhed as Apnendix I.
He began with a discussion of the rods+ nromisin_ kinds of

Dowor plants and fu_ls f_)r speeds t,o _ach ol_ and of the

corrospondinK environm_nta! factors, includ[n< altitudes,

stagnation tomperatures, dynamic and total pressure.

(Figures I-4)

N_xt, he d_scrih_d--w_th the aid of a fu]!-scal_ mock-up--

the Hypersonic Research Enmlne (HRE) d_si_n_d and constructed,

over the past thr_,_ years, by AiResearch under a Langley

Contrac_ (Fi_uros %-9). Th_se f:tgures contain information

_ /nterna] ductinv, of coolant, and_n _mperatures, h a:_ fluxes,
nat_r_a]s,'_nd illustrated the em_Ines basic configuration.

Mr. Andrews pointed out that th_ cooling requirements will

_!vo r ls_ to design and materials problems. H_ noted that

to _.in£.m_ze th,_ tr_a_, cooled surfac_ the designer must
m'_:'_;_ _, the internal we_'_d surface. In order to further

reduc_ c0o]ing requirements ho will probably w_nt, or need,

an insulating coatln_. Any such coatlng will have to be able

to w_:hstand e reasonable number of thermal cycles without

spa]! £ng.

Mr. H. Neal_ K,,lly, cf T,anF'ley's _:ight-foot H_<h-m_mperatur_ ._

Structures Tunnel Branch, described the structure, materials,
and .nn_ration of th_ }{RE in more detail. Prlnt_{ of his slides

are in Appendix If.

Mr. _,]]y's talk covered, and the prinls of bls slides show
£ata and -_thpr sDpc_fics on: the desiF<n _nd structure nf tho

-c(_]__,,Icanp_s; the _s]gn parametors of coo]ing fins; test
rpsu]ts of brazpd fins madp from various n_terlals; and results

of er_p 1_st and fatigue tests of the materials used for the

,_:oo!_d panel s.
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In rr,spo_hse to queut1_ns about the high coolln!,-ocuivalencv

rat_<_ (H 2 neede,_ _."_ cc,c]/H 2 used as fuel), which in the HRE
is approximately three, Mr. Kelly pointed m_t _hat the HJ_E

desl_ners did not m_ke any special efforts !::,._et a lo_ ratio.

Eventually, he bell,_w,-_, in real engines with w_!l-defined

range and economic _,:oa!s, the ratio wi!l be reduced by

various desiKn stratagems, such as coatings or lower wetted

surfaces, to one or less.

Of thf_ six most urgent need_ of hypersonic eneines, l_sted on

Mr. K_?]]V '_- last slide (Figure [5, Append!z ]i), three delt

with ,_ater_!s (bet_:._r high-t_mperature alloys; insulating:

coatings; and improv,'_d fabrication). In r'_ply to questions

about; rec:_,nt!.v reported Instances -)f ineompatability between

some stainless steels and nickel-base alloys and [_,as_ous

hydr<!uen (GHr)j Mr. Kelly said that AiResearch was awaz_e of
thes_ _ ma-[:to,rs and had maOe tests that sat_s.f}.ed their

_n_'{_,_r,---__ ...... _ that ther: _ w<)ul,J be no trouble w_th t}_e alloys

tn t,i:__ HP', at the GH_ pressures and temperatures encountered.
I

Mr'. I. Robert J<_ck,t_on, of 'he _er)! herma! Elasl icity ,_ee_ion

discussed Langl,_yVs roresrch on _herma] prot°,ctive systems

(T_S) for liquid hydrogen (IH?) tanks of hypersonic airplanes.

Although I t_2,,__ ._s.... by ?ar the mo_st _fflc]ent fuel :_n a weiRht

basis, its low <]ensil, y agt_ravates tank-]ns,u]:_t}on problem, _-,

since a [,Hp tank '_<_ five times as b_.._ as a ,Tp *_nk of equal

mTU capacLt.V, and b_cause of the lower LH 9 t_'mmerat_r_.

Cons_muently_ tee tanks for h;#person!c airplanes will r_quire

mrS of low weight and hiE<h efficiency. Also, the .materials

.must be comparable with GH 2 and other environmental factors,

at b,,th hiKh and low temperature. Its _m will be 2_O00°F.

-(cf. ,,h.. _O0°F _T for' the SST).

,_,_ _ slide (copies of his s!id_ _ro in

Anpendix ]I.I) L_lustrates th, three major pr(;b]_ms of _H_,

....nk [nsu!P, tion. ! .e. centre] of heat flow to fu_! ; crff(',pu_npin_

in the :Insul_filon spuc: ; and insuran(:o of an itself; space _roun, J

,,h_:, ant. He explai:_, d ,d,-s]Kn conc_pl, s with vacuum insul_t[on;

nu]tiw,el] f'o[] :'tructur<,:, and eryoew_cuatod f._am insulation.

Hi_ :_! : ]_'; showed th,, fac,LILties he used to _w_]uate experl-

m_nt,9 ] <tr,ucture,_ _nr} res]]ts of test<: c_f _xpnrim_nt, a __ tank.

He doscrlb_d 8 d_sir:n _pproach [n which s _]:[d cO o is eryode-

oo;_ited, then ahsorb_ hea_ by _,_bllmati.on <]uri-_, f]i_h+; t h'__

design led to _ho l,)w<:st w_,Li<ht. Mr. Jacksnr_s summary s!]d _

list_d tb_, major problem areas and needs a_,: ]W2 t_st faci!i-

ti,_s; ,[oln_n_ and sealirlF< of very thin-_aKe all ,ys; methods

nf s_l_n_< polymeric materials; polymers wlth higher tempera-

ture capabilities; insulatin_ material that prevents flow ,0f'

T,N 9 but y_t permits outgas,_Lnz;and facilities for systems

t_st]ng o,f var, Lous _PS.

OF POOR QUALii"Y



_r. Bland A. ftoin, of Langley's Structural Materials Branch,

reviewed the Center's materials research in support of hyper-

sonic aircraft. Prints of his sli0es comprise Appendi) !V.

He began with a detailed description of the expected environ-

._ent of a hypersonic cruise airplane in terms of temperature,

tim_, and pressure at varJ[ous locations on the surface and

within th, airframe. His slides listed the most promisini<

materials for the several applications.

Mr. Stein next discussed the kinds of facilities that will be

needed for the evaluation of materials and he showed diagrams

and photoKraphs of Lan_.<ley's new Hypersonic Materia]_ Environ-
mental Test System, now about ready for full use (FiFur_s 3-5

of Appendix IV).

Mr. St_in then discussed Lang!ey's oxidation test of materials

for non-r_furblshab]_ heat shields, including microprob_

analysis of composition changes in_ediately below the surfac_.

Rerults are shown in Figures F-9. He concluded witb an account
of the manufacture and evaluation of A1-Sn-Mo- coated tantalum

allovs, tested in the Center'a radiant heatine faei]ity
(Figures [-]0).

Mr. Ault, at the Chairman's invitation, ILsted the Lewis

research tasks that have r_levanc_ to, although not neces-

sarily m<_* 'vatted _)_e1,,r by, hypersonic aircraft. He noted
that cert_ln of' thes_ res_rcb tasks have been reviewed and

Jiscussed at pr_,v!.ou;< _eetings of APM_,E. They ar_: LH? tank
raaterials ro,_;earch; L;:F _f, LH_ temperature; !n_u]_.t_.on

cry_,_._nL,_ f,_nks; Ln;:,u!ative ?x_d_ ooaf'n_<_ for

cooled meta]_:: _rocke! n)zz_!s); research _n ,_i_/loya fo_
use abovn l_iO0_F; r_.,:_rch on powder metal]ur_]y approaches

to mD-typ_, al],offs; ?:_ber strenFthenlng of super:_l]oys;

refractory metals and protective coatinI4s for superalloys;

and fatigue predict!nn theory and experimen',-.

On the sec:,n(] day, the Panel met, apart, from the Propuls_,_n

_{ubc,qm_qllttee. The i'/r'st busin_ss was a ._;upp]qq_ental Dresent:_-

1:[on ,n the HRE by Mr. Tom Bonnet, assisted by Messrs. Erno _._

"4ack].e,, an_ Neale Kn _ Ly. This talk put };reater _mphasLs on

:h,, _a.terl:_l:_ _spects _f the HRK and was intended also to

rL'forQ Panel members ,,_oDe opportunitv for questions and
d i,:_cus s ion.
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Mr. gem Bonnet began with a review of the eve, tall objectives

of the }{RE project (listed ].n Figure I of Appendix V). Hr_

went on to d_scuss:the timln_ of the various phases of th_

project; details of th_ original test plan wi,_}, X-]b as a

test bed; and concluded with more detail on manufacturing

processes (Figures 2-4).

The project was beF<un in 19_. Its objective was th_ de_l,_n

and construction of an 900 pound max-weight engine that could

be tested to Mach 7 while hanging under the aft end o', X-]_;5.

With the termination of the X-15 flight pr,_i<ra_, the _[RF lost

its chanc_ _, of a flight test, but both Langley arid Lewis have

ground facilities that can make several kinds of tests to

Mac h "

The HREts ,designers _!r_it,<d tllo temperature of !oador_ struc-

turea to ]600R, non-leaded ones to P.O6OR. Probably the most

severe _aseous hydro_gen (GH2) situation that any of the

:. 0 psi - IZCOPstructural _ateria].s will experlence will br _9

at th<i plenum, Just prior to injection to the burner location.

Mr. Bonnor said that AiResearch had tested all the materials

that will be in contact with GH_ at the actual operating ten-
d it !_ns.

Mr. Kelly pointed eu_ that the ,WR,E is strictly a research

"Jevicc3 d_siKned to test new conceptsj such as hypersonic

c:)mbuztior, ind I,H_ panel cooling. No special efforts wer_

made to me,*: hi_-_h efficiency or thrust. He added that eventua?_ly,

when h.vDersonic aiPp]anes are d_:slgned for pr_ctlca] f'li_.htj the

enF_nez would be quite different. They will }_av ,_ to b_, able to

f'un cont!n_ous!y for z_bout one hour_ since tha9 would be -about

'he mP,xi,_um flight _ [me _-etween any to earth-]ocations_ and

would hay,-: t_ be Cood i'-r r_any flight,s. H_ ._aid that now-

_val]ablo :l]oy-: and fabrlc_tion methods wi?,l co for the }{R,T,:,

but practir_] and u:eful nngi_es wi_l call f.r_r n_w_ improved,

and optimized mater!_l_ :_nd especially new and bettor methods

of fabrication.

DISCUSSION OF H.HE MATERIAI,S

Prof. Rapp asked if there was any concern ab_u _, at<)mic hydro,<en

d_-_'_ivinf< in, and diffu_;ing through, the-, n_ck_]-allov coo_irl,]

_9,ne].:, wn.l then c,or_bininf with the _net_} cxid _ on the cold

_i,]_. }_}_]d 9h[,_ _ecur_ th_ s_eam which wou!d i_._ledlat_]v

f'c'rm ezul_ blow off any nrotect[ve oxid_ filra and thus lead

to_ rapid los_ of recta] by oxidation. Mr. gel] Z s_id that in

'he ]imltRJ test runs to date, this sequence ,_f events has

not t]een (-.bserved.
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Mr Hanink suKKes%ed that TD nickel mi,<ht be a v_ry r_ood

material for heat exchanEers of hydro_]en-cooled parls because,

its favorable combination of ductility, tberm81 expansion

{which indicate good LCF) compatabillty with GH[_, an£ high-

thermal conductivity.

Dr. Jaff_e sugceste@ that a molybdenum heat-exchange r , coated
on the oxidizing side, might be good in view of its high thermal

conductivity.

Mr. White _aw the materials nroblems of hypersonic e_gineo a
spring, In: fro_ (1) the high _leat flux. of _00 B_U/ft-'/sec.

(2) ]_w-cvclc fatigue, (2)hydrogen compatabilitv snd (5) the

ccollng-efficiency ratio matter. Mr. Hanink said tl_at the

heat flux would not be very much higher than that in some parts

of today's Jet engine_.

Dr. Jaffeo suggested that a precracked coating (a_ a thermal

barrier) _i_ht be worth examining because of its better

spallin_ resistance. Mr. Freeman remarked that thn_e is

always a danger that coating cracks may run into the sub-
strate.

Mr'. _rad]ey suggested that cobalt base al]oy_ (e.g. lq_) are

worthy of consideration, in view of their meltinf: point (higher

than kTi)_ _ood oxidation resistance, high strenr_th, and low

thermal expansion. He was not aware of any dat_ on their OHo

comparability. Dr. Butte added that TD cobalt should be con-
!_id ere d.

?he Ckalr._an asked _c Panel members believed that a .iubpanel

<:n Hyp_rscnic En_.;ine Materi_!s should be appointed. The

consensu:.; w'_:_ n(<at:[v_ because it appeared that at present

the _,_terl=_]<_ r-quir',,n_nts could not be d_fined w_]l enough
to establl:_h requirornrnt _ and re_,_arch goals.

Mr. H;_n[n_ tbnught _.hat if the communic_ti.:_n_< between designers_

of' advanced enf_in_:_, such as the HRE on the one hand, and
_at_,ria]s r'_s_archer ...._n the o_her, could b_ _T._roved, it _i_h_

be possibl_ to define- _ae,_rials n_eds sufficien÷!v well to

just[fv materials r_,_r._rcP-!now. He recalled that he had made

this same nbserva_ion _'_tnreviou:-' m,-_ei:!nzs, in connection with

advanced Jet enKine;_. H_ s_if[gest_d that the P_nel agr_ .'_n,

and submit to the Propulsion Subcommittee, a formal procedure

0_" PCOH n_.,.



tc follow to improve communications between designel, and
materials engineers• The first step of th_ procedur_ is
:_ubm]sslon of questionnaire-llke outlinej addressed to the
designer, as follows:

Design Interaction

Information required.

I. Application characterization of mission and its
effects on

a. Cycle 1;]me
b. Stress mode

c. Temper:_ture
d. Other environmental factors

2. D_sign criticallties/limitations and r_!atlonships

ao Perfor_nance _<c:Is

b. Materials/structurers availability

c. Durability-endurance goals

3. Time Sch_du]_ of Needs

The materials p_op]_ weu]O respond to the abov_ in accordance
with the following forms.

I •

Matorials Respons_

Materials Engineqring Data

a. St _a,.....st:[eally expressed

l'. Scoot -_,., _nd r_lationship to, app!icatton
e. Timeliness

d. Format

2 Des __n AI! owabler,

{. Ouality Ass_r.anc_

_4. Fabrication R_straintz

5. Availability

a. When

b. Quantity

{,
J C_st s

8 • _ OW

b. _uture
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As an addltiona] RAPMA,] effort te focus on prohlem._ of hyper-

sonic en£[n_s, the Chairman asked Mr. Pride I _ consult further

with Lan_]_.y and AiR,search en_.ineers who are connected with

the "._RE an_ try to idont_fy and evaluate the likely _lat._r_als

barriers -- e.F<. OH<:, comparability, LCF, Jo]n]n[<, f_br!cation,

emissivity, coating:_, creep, hydrogen diffusi_n, etc. Mr.

Pride agreed to do :_c and to send hi8 findings to th_ Panel

:_embers in tim_ for planning of discussion of the sub lect at.

the next _eetin_.

!{__oort of NDT Subpane!

Dr. murte, Chairman of the Subpanel on NDC <_nd [,ife P_ed[ction

Methods, stated that the subpane! met at WPAFB on March 25 and

26 and drafted a report, which he distributed (Appendix Vl).

Dr. Burte observed that durln£ the past ten years or so, materials

_ngine_rs and physicists had extensively explored ver_ many

phfnomen8 for possible applicability to NDT. As _ r_ult,

th#r_ ar_ now several new and very promisinF _nethods of ND m

that doserve more development. Dr. Butte recommended more

research to estab!i_h correlation between ND _ indications and

service 2xperi_nce_ in preference to _ore fundamental research

on new NDT approaches, and also more work on pattern

recognlti_n.

Dur!n_ d_scussion of the Report, the Panel suggested that the

following "_r_a_" b_ added to the list beginnin< 8t the top of

Page 2 of _pr_ndlx VI: d_fects in single crystals; composite

structures; r_sldua] stress; and overtemperature damage.

The Pane] 1_scu:{s_d _he need of a national center for _;Dq_;

consensus was negative on recommending such an establ_shmont

at the present time.

Dr. Burte _Istrlbuted a short discussion on f_ti_ue l_fe pre-

diction for Jet engines (AppenJix VII), an<! expanded on if with

a description of how statistlcally-based reliability theory

was applied to the wink box of the Air Force's fl_t <_f K-IR_)

tankers. _ _echnieal Not_ on this study is processed; Dr. Burt_

wi!] have copies sent to Panel members.

Mr. {ult suggested that, for clarity, I,ow Cycle Fatigue be

talent!fled as to whether it i£ "th_rmal" (],Cm_) or "mechanical"

(TOP'). mhe chief d!:_tlnction is that in I.CTF, the stresses are

thermally induced, and occur over a range of temperatures, so

_h_ t _chznical properties are changing, hCF impli_< mechanically

induced _tr._ss at constant temperature. In both cases, special

OF PCOR _'" _"--
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problems arise when temperature exceed_ O.h to 0.:) of' t_e

melting Dolnt, where, creep becomes important. LCTF occur., at

temperatures above 0.4 of the alloys melting point. The Panel

concurred with thi_ suggestion.

Mr. White :_bscrved that LPF ts much easier to oeal with t_an

LCTF, and that most of the researc_ is and should be, on LCTF.

Dr. Butte concluded with recommendations that:

I. a, _urvey be made to a_:_certain the amount, of current

R&D on LCF and life prediction.

_:. If the survey shows a leve]-of-_ffort_ of less than

I0 to 12 tasks, it should be increased to approximately
that level.

3. LCF theories should be tested bv controlled _xperi-

ments with real _,n_ines operating under reDresentative
service conditions.

4. Consid_ratLon be given to the application of the

reliability approach used on airframes io enKine parts.

R_rjtof Superalloys Subpane]

Mr. Sharp passed out a list of seven recommendations of th,-

6ubpanel on SuD_r_!loys f)r discussion. Comments on the
indicated recommondation-numbers follow:

_o. I Emphasi_ _nould be placed on uz:e of powder ._etal.-
lurgy processe:_ for u_e with hard-to-forge al]oys and

for control of P:,P_in size. Forging alloys should be
added to this r_'commendation.

No. 2 The t_mper_i-ure ran_(-:, shou!d be 900':'- l_O,_,°F.
_etter ultimat_ :_trength, creep st_'_n_,,_,-*_ and _rain
size control should be added to the listed research

goals.

No. 3 The till, _ should be, "Hot Corrosion and
Oxidation."

Ne. _ Mr. _ra.d].ey pointed ,:_ut that one _,1 th_ major
adva-ntar:es of th_ directional solidificati,_n methoQ is
that Lt f'r_,_ alloy developers of restrictions and
restraints imposed by requirements for good _rain-

[_oundry properties. The requirements often necessltat_

OR_GtNAL PAC_ :$
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compromises and trade-offs to get satisfactory _rain

bulk characteristics. He reported that P&W have made

and tested more than 20,000 directional solidified

engine parts. Techniques for making ]on::-grain Darts

are good enough now for application, but sln_le-grain

parts need more development. The chief' problem of

directional sol],Jification is its 100% to 200% higher
cost.

No. 5 Expand r<commendation to cover all fibers, not

Just metal flb:rs.

No. 7 AdJ 'cas!ing variables" to the list of examples
o_ needed knowledge.

The _ecommendations, as revised b_; the full Panel, are attached

as Appendix VIII.

R e_rt cf Subpane! on Composites

Mr. LonF, _ated that the Subpanel had no reports or recon_menda-

tions in f_nal form to add to their report appended to th_

_inute_ of the last m_et, lng. Their recommendations, however,

are under review a_ ! _ay be modified before the next meeting.

He st3ted that, th(_ _ajor broad problem-areas of composites are

(i) Proces_ Technlqu_s, (2) Test Methods, and (3) Costs.

Discuss Needed FscL!ities for Engine Materials Research

[n response to thr, _!ASA R_;search Advisory []o_nittee's rcou_--L.
that th_ various Subcommitteos examine NASA's n_ds for test

facilities in their respective areas of responsibility,

especially those facilities that require substantial t_me L'or

design and construction, the Chairman asker the Pan_l to begin
an inquiry into the needs for new facilities for research on
engin_ materials. _ noted that on several occasions in *he

past, the Pane] had !iscussed NASA's need for a real engine

t_ t_t n_,w material ,, but had always conc_!uded that such test_

can be done better and cheaper by engine manufacturers.

Mr. Ault stated that the Lewis Center, has a J-75 Jot nnr n_

that _s sp_cially d_[gned and instrumented for research in

coolin!_ technology. This faeillty is not well suited for
nat_/als research _nd not so used.

Mr_ Jahnk_ pointc_d out that NASA has accesr: to the J-qR engine,

with :_oar, Darts, I "_ over from the B-70 project. He sugf:ested
_hat !he P;_n_I e_n i! :r how they could be used for materials

t_stin_. Th_ cons, n_:, ws_ that; a test facility built around

them would be too costly and inflexible.



13

Mr. Ault said tha< Lewis is seriously considering the con-
struction of a new test facility with a real engine, that
could be used for' materials research on all engine components
e.go fan, compressor, turbine, _as generators, etc.

Mr. Hanink suggested strongly tkat before Lewis makes final
decls]on on such a facility, they consult all engine manufac-
turers and give them an opportunity to recommend desirab]_"
characteristics and uses.

Mr. Freeman noted that first costs and operating< costs would
be lower if the engine in such a facility were a small one.

The Panel agreed that NASA's need for an engine test-facility
with materials test capabilities deserved further study.
Messrs. !{anink, Bradley, and Jahnke agreed to examine the matters
in gre:_ter detail an_ send their opinions on apnroximate speci-
£ications to the Secretary for transmittal to the Pane] and
for review at the next meeting.

The Chairman askec_ for sug;::;estions for other new facilitl,_{
needed for research on engine materi31s. The Panel a_[ree_
that a speeia, l NDT facility and a CastinL!; Laboratory were
worth study.

_r. Binz _}<reed to prepare a specification :_:_d JustlfLcation

for a NDT facility, and Mr. Hanink for :_ casting< laboratory.

Results of their stuJies will be sent to the Secretary in
*iqle t c fnrward them to the full Panel for discussion at the

next inc,,tins.

Me:_bers R_,ports

Dr. kurt_ dictributed copies of current resum_:_ (_orm_ ]]P?)

of _3" "A'tr Fo_,ce tasks closely related to materials or interest

to aircraf: engines.

Mr. Pride handed out copi_,s of brief st_{tu: reports of seven

research tasks at Lan_<ley of special interest to the Panel.

Mr. Machlln di:_tributed copies of status reports of ?] Navy

research tasks on high temperature materials for structures

of propulsion systems.

OF POOR Q<,;,_:]-y_,_



Mr:_ reported a recently discovered e,_brittlement
phenomenon in supera]loys. Troubles with low ductility i.,,

creep tests were Found to be due to trace amounts of bismuth3

probability introduced in tan,ta!um scrap. Three pa_ts per

million (3ppm) causes serious embritt].ement; Mr. Bieber of

INCO has data that suggests that ippm may be enough. The

bismuth embrlttles by a mechanz!ISm involvin_7 a:egre_at!on at
grain boundaries. Mr. Jahnke noted that silver can act. in

a somewhat similar way. Failures of Rene' 80 h_ve been

attributed to 800pp_ of silver. Other date, su_;_est that

5-1Oppm was harr_less. The tolerance level is uncertain.

Next Meeting

The Pane] schedulod its next mecting f<)r Septe,nber ]_4 _nd o=

at the WPAFB, Ohio. The major topic will be ND ",_and Life
Prediction. ,,

The formal l)u:_]ne; :}__n_etin_< adjourned at 12 Noon on Aprll _i,,
1969. On the afternoo;_ of f.prl] 29s Langley represontativ_s

cond_lcted Panel _ernk_r's who elected to inspect mat_rials

research f_tci]itie <, :n a tour of' the Fatiy]ue I,aboratory_ the

g-foot Hlgh-Ter_pePature Structures Tunnelj and the Hypersonic

Materials Evaluation Test Laboratory.
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SLIDE i.

2.

3.

4.
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7.
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9.
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ii.

12.

E. H. Andrews

Figure List

Specific Impu'Lse for Air-Breathing Egnines and Rockets

Hypersonic Cruise Vehicle

Airbreathing Propulsion Operating Regime

Hyp_rsonJ _ Cruise Environmental Conditions

Stagnation Conditions for q = 1500 psf

HRE Design Features

_ Desig_ Conditions

Figure is confiden%iai (title unciassif_ed)]

Spike Tip Cooling

Cowl l_ading Edge Concepts

Strut Cooling

(a) Moving Parts Sealing

(b) Regen Panel Inserts

Hypersonic Propulsion System Concept
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i. T_,..::,_£,::.%u_'a hi'_tory of str_,,:Luro -tm,:i tc:.P.k well

2. Two tests !.o J'te t,.r.d eaci: p:',±.iicted by th:::ory

1. Le:'_ _,.;,_::_gi_i, t};,_; } ,. _ystu:a a::J', requires no preflici,t !)r_-p,:r_tic)n

2. N_. :',. .; ::c.o-b _'_: c'..:..qy ' _"%_.s o:f d_c._.,)!,r_onb

. _ ...... ..,_b ;;.,v_.nE,.:tS_s_ bob h,..avJ,.

Fia.ure 1<,- Resc:,_'cl, Su< _.vy (,?):'..% T:n.:" T.P.:'- _,.

1. Liq,>.lC. hyic<.,;e;_ t::'ci_:g

2. Det<:q,}],-,< ].;:ast :,:b:.]. t}lieknv:::_ tll:,t c_n bc reliably se_!c.] f<,:.
Va_i o'u:;_l]oys

g. Det<.<,iI!e :_...'.,:: o? i',.:d.ia.bl.y s_:n.ljn S pj._:><_j.p::"

-., 7::< ,. _. r;:>:] _<, us_ %C_::)_.g.z,.',:: of _.,]..::st:;¢:;

5- Dur, er::Jno ;d,_'..t "nsu],.t:ion pr<.w:r, ts lfqui& p_t.r.:, :or, f]_c,:.," ],<.1. i:.:,.r::it:_
n,_,n ,:7-:%ru<:C_,i:: o., "-."s_p- &u.r]r.," ?[_:h h'.:Et].u -'._;t'_...

' 6. Perf.,,.:. ir,-G,.t,,.,L}l..... S_llJ_" Oi" VP.I'JoR:; urlt:i.::!2J. Oi',.'beC b] Oil SaTgi_(2" :: inci'::;r,:-_.
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Som.-t  +¢t on N b-i-

.7i

f P..eb ic7Tc, '

it ,',, La'i ] ,:.

,\:: :_ rc;;!tr.I. :,[' ,,:-..patl_t]_iL( a(:i..]viLy {idring the last scv(_r_i ,._ar.:_

_,}j+ ] _ , _i'i_'al 7_ _[' pl@s[cal motho,ls which might be the ba_i_; J',_,r_'iL;i

t ..... [_ri, {.... :, !J:_s _J_:ts!,i'ipp{:,t the applicabions of these t(:,<:imiqt_,s t,_, <],_I

, _ ;+,,,:;. ;'+_,,+ r_<:,u_c, ,'-_dw_lcc:_ in familiar NIY£ approacip.s haw:_ _:._t, .,_:,

[,,'_ &Li,,,_;_,.i, <q)}d.b_d to the engine inspection problems. _]hcsc b,,:t. :,::

++ i,.vis]<,, "-:'<)._ 5a,sur assist+;& _]l%r&sonics_ electronic lair+ pr,<.,-ss:}++,

!.IL,' II,'v,','t i,',']_t,l':lu,:: whi,'h have received little evaluat'to_! f+_:_' .], I ,.r, i:, .

,'_.r, : l,_],_;_i+L_},)<_,_ il_urrno_rapi_y_ neutron radiography_ ma:3::,:,o_bs,,rp_,i, ,'_ :

tJ,.a_ + l't_l.,LF,, ;_ver,;H..l. emphasis sho_d:i probably be o_ ,':<LS_ ,r i,: :,i',

}:.]i .',! i,.u+ :>f <+.:;], ptL'lsJct<l mebho+tt +, I.o th, + con£igu.rat..L)_,s o _[Ll ;; I ,] +", ] _II

_' [['+L+ : ' ; 1/'' ] ] t' ] _ ' ' ] l _ [i t a [ + [ ' [] wiiJ;_.JtWi]+i be ('xpericn(_.ed in ,]eL ,;n i+R,.r. _} i.: wit

_. ::,],' ;u',!t_];:i_ ]_;r: _,I c,.>m'+:it_at, iqms b{;i,wccn bhe swln_ ,_: [i,,' ,,: .._L,'" ' _ !

_, i_,'_,J [,,r ,I + ,:: m_t t _lont,:; in s:bnul&tion l,ests or service ]:+,,_"_+ ,rm:u,,:,,. qI,,,:'.

1:, '_ r,,,'_: r_,,, ,: t+<_r t,hi'; _'L_rr,.,]at, ior_ _t&ta. an(l for ad_liti, j,_.:.[ ,'+h,,>w.Lc ,+, ,'

',,,,i+i,'[: ,':_n :,, <;bt,'_.i._l,,i '_b_uL th+" ph,/sicr, of the failures wl,]ci_ ,,''_r

::..-vi '+ [. i,:' ,vi,]. i'_>_',,:: t.;> a_'tiviti_s soar_;]iind, For I,:_w i_ii.>L;ict+= It,' _.... :.

,+ ti+< l P' :, v,.i,_i,Jr,,_,r_b .htt,o pract, ical N[II' tools.

'_ ;'.,'.;_il! (_V,'.Ftl.] J i';.t(:l,oF I'OF considerttble attent.ior: v,,] !t i, L}; i_Lir -

:II"' " I i I [ ] t ' ; _ _ _ [ ' ( } It [ : _ i t ' ' _ i'm J [ " ' ' t " ( ] _ t f 1N i (_U( _ S i i i order to both J<cc i, ,:,x::,:: v,i%hit

_'+.+l;,_l: 'Lii , i.:) .r'!',j]iLt, ],i,(; 'Ya(:t, or of in,man e.rror. The la.l,t_>F mu!_[ , i!t.r-

,=]., ....."ore+.. ' imi',-_J _-, _k_i.:_I :,_s th_ e>_anciing use of ::<:>phis_ i<:._r,,: _ +,,ct ....

" i'L ,),._,; i,"'_,S t,[:,' ;L}a] ,:_[ .::_ off hidhlb' trained pe_,pi, _ k_ : +_, .....

; i , ] t .'/ ;' i ,, :":!i l()(_i ,_:.Ll,tl II',Cv<_asos .

', +'F,,ltt+ _ n ,'_ :+,Ii_',;

','!_ :,'+ .!,)pm,ull, <>i'It,,n&estruct]ve methods beyond, irL i ;',i ,_'_[,.,_'_t._r

,', .,.:_i',<+ .,_, +_,:_,'.',3ibJ_. :.,_. _}({sScall rriei,ho4s can r&picl_ly be(:,.,m+, r!,_]i ' r] :

;: .... ,+ ]i' it, .:o,+:.: t+ol, i>,,nei'lt ]'rein ext, ensive l'cedback ,>f" t,![, _ :,,+.LL ; .'

_i. ;'i 'j i' ':_iidr' ,UlJ,:F r_':_] scrvic,: corl(]]t._ons_ aIICL t,h_ ,,_,L.,,_ ; _,r.'., ,

• ' _ " . ' i ill,., , [q' :;ti ir_,_i_":_ },,ris w]_,L EPic', a(;i;_dz] b+-,h&vioc of _ari,;: t_,-

.,. , i' .+r::,,, [,.,. ,m, _.];.,, _,-.:p,.mf;.ive and. it becomes iJc,,-:.+,;:,,_'_', _L,_ •

:.: .'_:::. : "i i -b,%ci." o> har,:iwar<: development or t.,.st [,_',_ r.+u':;,

_ ._!' .'tlvLt, i_,:: L,t'F('C _._} tr,v o_i, their new bt'eadb_Jar,t , _+,:+;,, t :....

,t i+.',.r.iw',r" . ]t,,.m,,; v,,Jii;:JL v;Jl.J be subject;ed t,o sim',tiatiotl ,,r ::+..,"v[,', ,,+ 'LJ

]', ; '+1 '+ ]'J]l ],'S m_t:_;t. ,_;q)eob to pa.v th(; COSt 0£ &C(;Om]>!i]S}li] 1.i_1 :

i lit: IL:,i'( :'J :>i'l,t._jt;Jlh _CSCL'-Ltl Fccdba.d<. in the form of V+_+ +_ .,_,_',', ;:_i ,.

' .-u:_t,!,.;' ,:' '_',.t_s v,q_,'r+ t.h+: ,:mv_,rc:ence of needs with p,,;;'.'!L,J.. 'dLU: ,_b]

; it '_,_i,l' ,'LI'lttFJ 'S[I_'[ [,:;:;1. ;;lI(;]l &n approaeh O.f'_l:
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- _!'! i_:a.1 ]_n;: _)i a,.tn_st.J,'al ;._l_a/ySiS

'. ..vt _.i,.L,:!.:._,_.'_;S meas_u-emcni.v, in cooled turbine bla, b.s

,. ,.i, .t L_,_, _,r',:racks :irl I it,animn

ml)_'<.,v,.:. .u ,m .t;,, i inspe,:_tion of billets for n<.,__r;:. "_._'_iic inc_l_.;;] _ti;:

:,.L,.cl.i{)_,,_t',h.t,.;t'iosa!,:ion of installed beaz']n_;:

.._._.,i.1_,:. _' {,:.:lstl_,,.]i)h.Vs.lcal methods there are many _'cas where :_<::_.i-

i.]:,,.':_I;'_a._:muq_l._] i.nowicL_1{' ;is required_ or potential il_s]?ecJ_J.<q] ])fot<!_ql)J

'.;_,':',. ),, ,:,.i ,,:_.bl<. ]_i<?'sicat m(t"t,ho, ts a_pear to be availabl_ or _'o<:,;niz<,<_.

!,,.v :._,, a;' <:t,tal';;,.._ t.iic ntvw±'-endir]_,,, desire to detect; aq,] ch:¢ractcriz.e

::r::(t[ i.,.:' ':: ] ;;7, :_ [.1,'-]' ,:'r'q.ci.:s ,:ln{J flaws. Beyond vhis., sore, c.,×a.mol(e,.: ,..,i' :'m.;,'_-

;'_,' [:_! :..:ii<'s i',::<{ai;'l.li_; _bt,tm:ti(m are:

_. ' ._,,x_L]o_t {,f '__t,i _, ,la.rna¢se _oriof Lo appearane(: _;fl' ::_. ::.L'&<:

:. ::t,it M)],. m,,[,t_u, is for detection of over temperal,uz',. ",v,.ma,

]r_ ilO(, <:t)lii_u_i(_1!t,;:;

.'. ;:t._',.[1 .iltt ..)t' 'udl.,'s_'tVc borzoi:;

;. i,:,,:;.: ]l,]" ,',_:ml:(t_t stress corrosi<m) effects of _,m_t,c:_::,::.

:,, _.._" _r',,, ..:h,_v_, ,:¢,r_si_b-rabl_:: lori!(-fand(: &city.it:, 1:: W:]I"T'Or_f,_',:

i: t l:,. :. r_,._'rLl m_l<],'<:',. 01' ]_att,_.rn z'c.c.ognition. For (;'xamp.l.L'; bit,2 Lt;;_' ,,i'

;i li_:,_, _,.,'.hni,iu, _: wil.}_ l']]{.{_rs to provide improved r,:a.a_.,uL a.nl i,ai.t,,..,'i,

, ', !,i: i ,_ ir_ .c:_ _]_,::ra,pi</ is be[ni_ ,l(,veiol_ed for a v_:_'J_,l ,, _t' :_]_l;J ....... :-

{'.i,)_,: ::,,,:J: :_s t.it, irla;p,,c'l, icm of dr&phite bo(iies_ but has _ ,t....' _,,,:

,_;'i,t ],,' t . _':]r>: [;go>fiE:ms. A wet_][,i; of infornlaJ..io;i (,.a.ti i,_: ,,;_<.:.,_:i_. i :_',,::;

,,itY:_s,,Iii . Rq_.{.i!o,,s_ I)<H. ti_{, exp]oval:ion of the p(_ssib].ll; ], :; ,,i' :._,{,.:

t.,.,'.M_] 1{,.. 1; :it: ii.s inJ'ancy lar,-;el:.,, ,iue to the problem;: 0, !,:t_:._.l.n, ;_,

:<: :.;s '{_ : ," ,m[,J...-]t..'v' ,_1' the si.{_,na.ls, iJirect electronic r,.:, ],:,[:; .:,t. ;_'.,_,

_,_ iK' 'v'_:F', _2;*:1'1]] }H:F,' .



I. The tis_, ,_f :_n;_lyl ic;_l tochniquc_ t_ predict the fatigue rcsp_m:_

oi ici ,'nKim'_ i:; still very much in its infancy at the present time.

The .;t;_ndHr<l ;ippi'oi_ch tlscd by engine m;_m_f;_ctarers to veri£v their

etL_;iHc dcsi_H mHv bc sutnmarizod in Chc tel lowing steps:

,. lhc pr_posod dcsi:4n in _Ji,.ioctcd to as complete a stress-

_til:_l_.; i-_ .l_ modern s i_ml la, i_)ll techniques _vil I ;il 1o_4:

I_. Fll,, siren, s d:lt:_ oht:_incd t'rom (;i) is used in conjuncti,m _,ith

m._ i ,r i _ ], ?; )( c_rvt,:_, t;o,_dlnHn di:_lI"nm_; , ;ind elementary cumulntiv¢

d;_lH:_;;c l:,t,'?, t<_ :lrl'lV(, /it The first estim:_tc oF the t'atiguc rosp(msc.

Thi:; t,_al illicit O i'4 ] i [1 i(' IIK)|'O Ell;Ill Ctll educHted guess.

c. l!_:..,it_¢ comp_,lwnl_ c_m_;idcrcd critic:ll in fatigue t_'.g, blHdos)

_'_ !_cn,}_ ',t,_,t t_) dct<'vm nc the !'Htiguc endurance limit .lmi re

dt,lutm>: r:,_<. :,,icq_Htc iru. Those lest5 are also used to COIII'iFIII the

strc._G dHl;i _ht;linod n (a

J. I_llI ,-:c;_}_, _ _Hlll;_tcd service test_; :_re fillally l'lm on the

,o;'[u_l_.tud un/.inc _lc:;igu. It t, i li hi' m_tcd that the technique rclic_;

hc;tvi|v Oft ;it'Ic't'-thc-t':ict to_lil_g to '_prove" tile f:_tigue design. Pri_r

I_rCclicti_n p1;ivs :t rel;ltivt,lv ;ninc)r rc>le.

2. rtli,, ;i])t)I'tl;i_211 hfls i)"t'll rcxisoH;ib|y _tiCCCbSflil ]_11 the T_;lt;t but flow s)'stcitt_

c.t_illil/_,,> illlt} -c'rvico ;illct t-_t-{i/_ plal-il/CCl lll:IkO i{ :lccesst%l'y tt::lt :i lllOI't'

<il!;ilx'liC:_i lc'ct_niquo bc ;idol)ted. I:or cmc thirty, the longc, r dosiM_ Jives

ill Ilhll/V _11 lilt' IIC'tV HV.q{C'Ill5 :tFO Ill;ltxillg it increasingly ct)5I-ly (ill It, t"ll].,_

,+t t_otli <lc>ll;irs :iltCl tiinc'l to Filrl tile t/pc of tests that it;ire bcoi_ !'till ill

lilt' t_;t<4l .

,:, l! i', _t)t'i()li'; lh.lt ti/c t_Fol)tclil of l';Itiguo prcdicti,m tl, ;i ::t'blt'lll .llid

('llt'it'(?Millc'lll :lt_ coint_lic;ltcd ;is thrtt ot" a jet engine is ;i v(*iv <lifIi,-_lll

I;_t,K. lii £;i<-1 ,,.×i_tiu_t tcctmiqlics ;ire incnpablc of doln_ lhi<: ._tic cc.a._ltlllv,

Ill l>ici<.l 1,) ilii]_i'ov(. Ibis ::,iltlnliem :_ consiclerahlc ot't'_llt i_; go lilt_<) i_<'

i_'_',.'<;':;,rx ill !17<' l'lllIll't" 'l'ht' rc_llol_in._ ._tlg_estion.,_ ;ti-_, i'll;Ill(' ill t'tIIIllOt'l i,>ll

t,,ilh tl_i: t,ll(_i"t:

)); J'h_' li)l',)I'lllsiI]_)ll ol)l:tined I]'o]l/ (:i) cotlld be ,_l_;oci Io Fc!inc" _l},i

",, I'('<'ll ,'N}<,I }lijt [llCt>,'ic'5 <)I' c'llllitllHl iVO d_l_ll;l<Kv'. 'File nv,_i l;_l)ili_v el

:i<l_.qil;i(t. t,l'_t i i'_illiit'lit _i iiil'oi'rrt:tl inn woil!d ii;,,kO il pos.<cihl¢ t_ ,i-_-('-_,:

tl<,CV W_'II t'tll'i'k'l_t c'tiiih,i:il iVt" d;tili;igo ItIonvic's predict the > tt)llii_t)l_c'll( I t,¢s

t!_;_l ;i;"(' t'llc'{_lll)l('i't.'tI ill tC'qt :;t't tll>> ()l" ._crvicc t-.xpcl'it'lltC,.

ORI_L PAC"f:IS

OF POOR QUP,LITY
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c. Thotb'l_t >_h_,uld I_. !_ivcn to the fcasibilit.v of :_d,_ptink the

rcli._I,ilitv cnnc<,pt_, _IC_J_.I _ C)_)CC[ i _ l'<'C('_l_ } ro_lrS _'or f]i_hL :_rtictllFc_,

_L_ t'|]_i|}<'S, rI'hL'S(' techniques _dlich rcl:_te time to first t_li]ure t._ boti_

f]ccT size ;Jnd time t_ me:_n failur<- }_ave proven very succcsst:ui.

(gel AF_II.-TI_-(¢.)-b!;). ttowever the more severe environment of an engine

wou d complicate this process.

d, The greatest shortcoming :Jr the present time is our lack of

unde_'s_::,ndim, of interaction effects taking place e.g. fatigue modified

by _i_nultanco_Js creep. Ilnless CIII'FOIlt elementary cumulative d;tlll_l_e

luws prove to bc tmexpecredly adequate, Lt great amount of study, both

phenomenological and fundamental, may be needed in this ar:pa.

4. 'l'herc :_'c ;i number el people :_nd gro'q_s throughout the [IS who .trc

c,,nccrued _'ith various ;_spects of these problems. The engine ttl;llltlJ-acttll'Crs

:_re ccrtainl.v looking .'_t _ome of these aspects usually though at a level

cl_,sclv tieJ to production problcn_s. One of the first things that

nc,.t]., to be Jonc is a survey re establish the level and direction of
CIll'l'clll et'tOl'ts.

2;. it is :_bsolutely neccss_lry to acclnnul:/te attila1 service history dat,_ on

ellt_il/t'g stlch ;_.q recordings of _qtress ;tlld ,;train, strain r_tes, temper:_ture an.t

temperglture gradienls, :tlld he:tting r:_tcs. Such data arc needed for intelligent

_sc:;sment _C life prediction_ of critical fatigue sensitive locations.

This kn(n,'ledge retest bc coupled with relevant system and compoponx static and

dynamic developmental t,'sts in order to apply current reliability techniques.
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May 20, 1969

SUB PANEL ON SUPERALLOYS

RECOMMENDATIONS

The following recommendations are based upon discussion by

the Sub Panel at Sterling Forest and Seattle, upon communi-

cations between members and the chairman, and upon final

comments at Langley Field:

i. Powder Metallurgy

More research and development is recommended on

powder metallurgy aimed at improvements in

sintered and hot pressed alloys. Consolidation

of powders atomized from prealloyed melts has

much to offer as regards composition modification,

obtaining fine grainsize and achieving different

forms or shapes more economically.

2. Disk and Shaft Materials

More R & D on disk and shaft materials for

operation in the temperature range of 900-1400 F

is recommended. Substantial improvements in

strength (e.g., torsional fatigue strength) at

intermediate temperatures couldbe of great sig-

nificance in contributing to performance and

weight saving.
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3. Hot Corrosion & Oxidation

Greater effort on the study of the mechanism

of response of superalloys to corroding en-

vironments is indicated. The ultimate aim

should be superalloys of h_gher =emperature

capability with improved hot corrosion and

oxidation resistance, strength and stability.

4. Directional Solidification

The advantages of directional solidification point

up the need for R & D effort on new alloys designed

specifically for directional solidification and the

evaluation of properties of current alloys when

directionally solidified.

5. Superalloy Composites

Superalloy composites, particularly for blading,

should get high priority. Refractory'fibers

in a superalioy matrix have considerable promise

of improved high temperature capability.

6. Dispersion Strengthening

Dispersion strengthening as a means of achieving

stronger superalloys of higher melting point

should continue to be backed With emphasis on

optimization of thermomechanical processing of

such alloys. The economics of dispersion

strengthened alloys should continue to receive

attention.
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• Study of Reduced Strength in Thin Walls of Castings

Work designed to understand the problem of reduced

strength in the thin walls of conven ionally cast

superalloy blades is recommended. Effects of

casting variables, grainsize, and interdendritic

spacing versus cast section size are examples of

knowledge needed. Comparison with thin walls in

wrought and sinte_ed and hot pressed superalloys

is suggested•

Submitted by the Sub Panel on Superalloys

E. F. Bradley )
L. P. Jahnke ) ex officio

D. Hanink )

G. M. Ault

R. I. Jaffee

W.H. Sharp, Cnairman


